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Proximity to mountain big sagebrush (Artemisia tridentata var. vaseyana) negatively affects 

performance of two shallow rooted forbs, low larkspur (Delphinium nuttallianum, syn. D. nelsonii) and 15 

aspen fleabane (Erigeron speciousus).  
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Abstract: Global climate change affects community structure, although how warming 

affects competitive hierarchies is unknown. Mountain big sagebrush (Artemisia tridentata 

var. vaseyana) has replaced forbs as the dominant form of vegetation in the warmest, 

driest section of a 20-year-long meadow warming experiment. This could be due to 

enhanced competitive ability of A. tridentata or due to independent effects- warming 5 

negatively impacting forb performance and positively impacting A. tridentata recruitment 

and growth. This study examines the effect of proximity to A. tridentata on the 

distribution and performance of two shallow-rooted forb species (Delphinium nelsonii 

syn. D. nuttallium and Erigeron speciousus). A. tridentata was less dense at small 

distances from forbs with robust floral output than those without at low elevation, while 10 

the opposite trend was found at high elevation.  
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Introduction  

According to theory, interspecific competition is a central force governing community structure.  

Despite theoretical importance, relatively few studies demonstrate this role for competition non-

destructively in naturally occurring communities (Goldberg and Barton, 1992). Increasingly, studies 5 

have investigated the how climate change impacts competitive interactions and thereby community 

structure (Heegard and Vandvik, 2004; Klanderud and Totland, 2005; Niu and Wan, 2008; Yang et al., 

2010; Kardol et al., 2010). These studies challenge the use of bioclimate envelopes for modeling future 

plant communities under climate change (Pearson and Dawson, 2003). 

Small changes in climate can have profound effects on community structure and ecosystem 10 

function. One of the oldest and longest-run climate manipulation experiments found shifting dominance 

in vegetation within five years of the study, a shift that has continued until today, more than 20 years 

after initiation (Harte and Shaw, 1995; de Valpine and Harte, 2001; Perfors et al., 2003; Saavedra et al., 

2003; Harte et al., 2006). In 1990, a meadow warming experiment (the ñwarming meadowò) was 

initiated at the Rocky Mountain Biological Laboratory (RMBL) in Gunnison County, CO (e.g. Harte et 15 

al. 1995; Harte and Shaw, 1995; Price and Waser, 1998; Saleska et al. 1999; Dunne 2000; Price and 

Waser 2000; de Valpine and Harte 2001; Perfors et al., 2003; Dunne et al., 2003a; Dunne et al., 2003b; 

Harte et al., 2006). In the upper two thirds of the heated plots, mountain big sagebrush (Artemisia 
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tridentata var. vaseyana has increased in biomass and cover to become the dominant form of vegetation; 

a decline in forb cover and biomass has accompanied this change. Harte and Shaw suggested, based on 20 

shoot elongation rates, seedling establishment rates, and the pollen record, that the shift in dominance is 

likely due to enhanced competitive status of A. tridentata relative to forbs (1995).  

The warming meadow sits near the upper elevation of A. tridentataôs range (USDA, 2010); 

sagebrush subspecies including A. tridentata var. vaseyana thrive in warmer, dry climates, principally 

with earlier snowmelt (USDA NRCS Idaho State Office, 2008; John Harte, personal communication, 25 

June 2010).Yet a recent study found negative correlations of A. tridentata growth with higher 

temperatures and positive correlation with precipitation (Poore et al., 2009). A. tridentata has both 

shallow lateral roots and a deep taproot; it is able to access water from deep in the soil profile (Peterson, 

2000 [unpublished]). The importance of hydraulic redistribution from A. tridentata in the study system 

is unclear (Caldwell and Richards, 1989; Peterson, 2000; Ryel et al., 2002; Inouye, 2006). In addition, 30 

the net microclimate effects of A. tridentata are not known. Because it retains foliage during the winter, 

A. tridentata can lead to locally earlier snowmelt, absorbing incoming light and radiating heat. This 

effect may be balanced by persistent, moisture-retaining litter, increased shade, and hydraulic 

redistribution (C. Lamanna, personal communication, June 2010, J. Harte, personal communication, 

Summer 2010).  35 

The rocky subalpine meadow system is water limited (de Valpine and Harte, 2001; Poore et al., 

2009; M. Price, personal communication, Spring 2010). Peterson suggests that A. tridentata competes 

with shallow-rooted forbs for water, and that nearby shallow-rooted forbs negatively impact A. 

tridentata (2000 [unpublished]). A. tridentata could impact forb performance through competition for 

water or nutrients, apparent competition from changed patterns of herbivory, allelopathy, or other 40 

means. The present study assesses the hypothesis that warming enhances the competitive status of A. 

tridentata relative to shallow-rooted forbs by examining the effect of proximity to A. tridentata on the 

spatial distribution and performance of two forbs whose decline has been documented in the warming 
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meadow. The two shallow-rooted forb species are low larkspur (Delphinium nuttallianum syn. D. 

nelsonii) and aspen fleabane (Erigeron speciousus). Both flowers are expected to suffer from global 45 

warming (Inouye and McGuire, 1991; Harte and Shaw, 1995; Saavedra, 2000; de Valpine and Harte, 

2001; Saavedra et al., 2003; Cross and Harte, 2007; Inouye 2008). 

I mapped the locations and size of each A. tridentata and the location and flower number of each 

stem of D. nuttallianum and E. speciousus in 2 16x16 meter plots as part of an ongoing study that 

combines natural gradients and climate manipulation. Species interactions are scale dependent; 50 

examining fine-scale spatial patterns is one way to assess competition non-destructively (Watt, 1947; 

Turkington and Harper, 1979; Callaway and Walker, 1997; Purves and Law, 2002; Wiegand et al., 2003; 

Weigand et al., 2006).  With plot maps, I tested for a scale-dependent pattern of aggregation  of A. 

tridentata around the two forb species, using both traditional and extended point pattern analysis. By 

subdividing the forbs into two classes, above- and below-average floral output, I asked whether A. 55 

tridentata impacts not only distribution, but also performance of D. nuttallianum and E. speciousus.

Methods and Materials 

  

Study Sites 

The two sites used in this study are the highest and lowest sites of four used in an ongoing study. 

The sites share many characteristics, with similar slope and aspect, and broad similarity in vegetative 5 

community.  I selected sites to resemble the upper portions warming meadow where A. tridentata 

occurs; they have steep, south, southwest or southeast facing slopes, relatively dry, rocky soil, no shade 

from trees, Artemisia tridentata var. vaseyana as the dominant shrub, and most of the native forb species 

found in that meadow including Delphinium nuttallianum, and Erigeron Speciousus. 

The lower site used in this study is on National Forest land, and sits 15 m above a trail subject to 10 

constant summer use by walkers (and dogs), bicycles, ATVs, and occasional automobiles (Lat. 

38.872315252, Long. -106.910165712; Elev. 2760m; Slope= 19.5°; Aspect= 152°). It is the shrubbiest 

site, with A. tridentata co-dominating with S. oreophilus, and R. woodsii and H. villosa providing the 
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majority of the remaining cover; the thatch colonies of the sagebrush ant (Formica obscuripes) provide 

approximately an additional 1% cover. It sits just below the ñlowerò site from Dunne (2000) and Dunne 15 

et al. (2003a, b).  

The upper site is located on Redrock mountain to the southeast of the upper elevation site used in 

Dunne (2000) and Dunne et al. (2003a, b) (Lat. 38.953531147, Long. -106.967337441; Elev. 3150m; 

Slope=21°; Aspect=170°). It is located on a meadow surrounded by mixed conifer/aspen forests, but 

receives no daytime shade from these. Though rocky and sparsely vegetated, the site has many more A. 20 

tridentata and D. nuttallianum individuals than the lower site.  

 Mapping 

In early July 2010 I measured the location of each D. nuttallianum individual. I measured the 

distance from two adjacent corners in each site, and converted these measurements to Cartesian 

coordinates. Duplicate measures suggest that this system was internally accurate to within 5 cm, with 25 

accuracy decreasing slightly near the far corners. In addition, I counted the number of flowers (open 

flowers, fruits, or healthy looking flower buds) as well as the number of aborted buds on each 

individual. By working relatively late in D. nuttallianumôs phenology, I was able to count the total floral 

output of these stems with a single snapshot. Where damage (e.g. herbivory) prevented an accurate 

count, I counted all present flowers/ fruits and aborted buds and noted the mechanical damage.  30 

I followed a similar protocol with Erigeron speciousus in the lower site only, later in July. Rather 

than an individual stem, the unit of replication was a patch, to reflect E. specioususôs underground stem 

network. A patch border is described by a convex polygon around all the outside stems. For stem to be 

inside a given patch, the two closest stems to it must be inside the same patch. Additionally, I used the 

assumption that patches shared stem color, height, and phenological status to divide closely abutting 35 

patches. I measured distances to the center of each patch. For each patch I counted inflorescences and 

stems. An inflorescence was considered any palpable bud or visible ray and disc array. Floral output was 

measured as the ratio of inflorescences to stems per patch.  
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I mapped all A. tridentata individuals, measuring to the point where the stem enters the ground. 

The maximum height from where the stem enters the ground and the maximum uninterrupted spread of 40 

green foliage were measured (figure 1). Although no regression to growing biomass was done, the 

combination of these two measures seemed to reflect variation well in the field. Some plants were 

sprawled, and the longest uninterrupted green spread may have slightly underestimated their relative 

size.  

Analysis 45 

I conducted statistics in Programita (Wiegand and Moloney, 2004). To assess how the density of 

Artemisia varied with distance from an arbitrary forb, the O-ring statistic (Condit et al., 2000), and 

extensions for objects of finite size (Weigand and Moloney, 2004) were computed. The O-ring statistic, 

by measuring the density of point type B within fixed-area annuli at varying distance from points of type 

A, evaluates bivariate aggregation within specific distance classes. 50 

I assessed the effect of A. tridentata on the spatial distribution of the two forb species D. 

nuttallianum and E. speciousus with a simple point pattern, using the O-ring statistic in Programita. I 

extended the point pattern to account for finite size. In this analysis, a 0.0025m
2
 grid was used, where 

forb, shrub, or neither can occupy a cell. D. nuttallianum individuals could occupy at most a single cell. 

E. speciousus could occupy multiple cells, modeling area with the field-tested metric of 20cm
2
 per stem. 55 

I modeled A. tridentata with  area k*[max height]*[max spread], to account for effect area rather than 

simple cover. The statistic was calculated at 1-cell radius intervals, with an annulus of constant thickness 

of 4 cells for 60 cells, or a radius of 3m, after which all systems resembled random simulation. This 

scale was used in the simple point pattern analysis also.  In addition to considering the two forb species 

individually, I ran additional tests with two point-types, one for A. tridentata, and the other for both 60 

species of forb collapsed into a single category. Random simulations of forb distribution (with shrub 

locations fixed) were used as a basis for comparison. 
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Results 

 Computing the O-ring statistic using a simple point pattern yielded no distinguishable trend 

(figure 2), yet the pattern was sufficiently different from random Monte-Carlo simulations to reject null 

(p= 0.0440). The same data with Artemisia tridentata and Erigeron speciousus modeled as squares with 

area reflecting parameters measured in the field yielded a clear trend (figure 3). This relationship 5 

between simple point patterns and the finite-size model was found with all subsets of the data, so only 

the finite-size model results are reported. At the low elevation site, the forbs with higher-than-average 

floral output have few shrubs at close distances, with shrub density increasing steadily with distance for 

the first 3 meters (figures 4, 5, 6). Forbs with lower-than-average floral output compare well to 

randomly simulated data and do not show the same steady trend.  This pattern holds when forbs are 10 

aggregated into a single class (figure 4), or when broken down by species (figures 5,6).  

 In contrast, there is no steady trend for Delphinium nuttallianum at the high elevation site (figure 

7). The higher-than-average floral output individuals show a clustering near shrubs. Again, no clear 

trend is seen with lower-than-average floral output.  

Discussion 15 

 Repulsion of Delphinium nuttallianum and Erigeron speciousus from Artemisia tridentata var. 

vaseyana at lower elevation and a trend towards aggregation at higher elevation support the hypothesis 

that warming changes competitive interactions. The hypothesis is further supported by other studies that 

suggest that climate induces particular species interactions with other species of Artemisia (Friedman et 

al., 1977;  Niu and Wan, 2008), and studies that show Artemisia to be an important competitor 20 

(Reichenberger and Pyke, 1990). This result not only supports the hypothesis, but shows that 

observation of spatial patterns can help answer complicated ecological questions. However, spatial 

patterns do not distinguish microhabitat preference from competition. Even if a clear trend of repulsion 

with earlier snowmelt is found in the ongoing study, further work needs to be done to prove that the 

trend results from climate-induced changes in species interactions.   25 
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 Because snowmelt date dictates the performance of montane meadow species, and is mediated 

by A. tridentata and microtopography, it will be important to see how spatial patterns of snowmelt 

timing relate to spatial patterns of A. tridentata. Other abiotic factors could be correlated with but not 

caused by A. tridentata. Although soil chemical resources were found to be as heterogeneous in the 

immediate vicinity of  A. tridentata var. vaseyana as they were over an entire study site (Jackson and 30 

Caldwell, 1993), it may be that the distribution reflects antecedent spatial patterns of soil chemistry. 

These may be obscured by plants causing important changes in soil chemistry (Charley and West, 1975, 

Shaw and Harte, 2001). Physical soil characteristics like depth and rockiness may be important factors 

in the distribution and performance of both A. tridentata and the shallow-rooted forbs. Soil 

characteristics and microtopography could lead to pattern-dictating soil moisture heterogeneity.  35 

 Testing sites for correlations in the spatial patterns of vegetation and soil character/ 

microtopography could rule out a role for competition, although it would be impossible prove 

competition does drive a pattern- to rule out all factors that could affect the distribution, growth, and 

fitness of plants. Ultimately, manipulative work may be the best way to assess competition. Mechanisms 

of competition are difficult to definitively identify (Casper and Jackson 1997). However, testing how 40 

planted forbs establish and perform at transects from A. tridentata or what the effects of killing or 

removing A. tridentata are on local forb populations could further support the climate-induced 

competitive interaction hypothesis. Such studies are limited in two ways. Firstly, the plants in this 

system are long-lived, so study periods would have to be very long to realistically explain trends seen in 

mature plants. Secondly, such experimental manipulation can introduce variables that confound results. 45 

 In light of the limits of manipulative experiments and the impossibility of eliminating every 

possible abiotic factor, work on the limits of observational studies should be done. As trends in spatial 

distribution can be related to environmental variables like elevation or warming manipulation, it may be 

more difficult to explain the results without invoking species interaction. Such a case would be more 

compelling if data on factors that hypothetically drive independent effects do not adequately explain 50 
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observed patterns.   
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